We have uploaded data to NCBI Sequence Read Archive. Our SRA bioproject accession number is PRJNA615055 including 18 BioSamples and 18 SRA.

1. Introduction {#sec001}
===============

Obesity, which is characterized by metabolic disorder and chronic low-grade inflammation, has become a widespread public health problem \[[@pone.0232972.ref001], [@pone.0232972.ref002]\]. The excessive accumulation of fat and dyslipidemia can increase the risk of type 2 diabetes, nonalcoholic fatty liver disease (NAFLD) and even liver cancer \[[@pone.0232972.ref003], [@pone.0232972.ref004]\]. Multiple factors contribute to the development of obesity, including energy consumption, high fat intake and the microbiome.

Over the past few years, numerous studies have demonstrated that the gut microbiota plays an important role in diet-induced obesity and related diseases \[[@pone.0232972.ref005]--[@pone.0232972.ref007]\]. Recently, research on animal models has demonstrated that some specific intestinal microorganisms could prevent diet-induced obesity. Additionally, research investigating therapeutic approaches to modify the intestinal flora such as diet, probiotics, synthetic preparations, and fecal transplants is underway \[[@pone.0232972.ref008], [@pone.0232972.ref009]\]. Several probiotics have been used in clinical trials to decrease obesity and insulin resistance indexes and to regulate blood lipids in subjects and achieved good results \[[@pone.0232972.ref010], [@pone.0232972.ref011]\]. Additionally, dietary fiber can also increase intestinal flora diversity and physical barrier function (such as tight junction protein) \[[@pone.0232972.ref012], [@pone.0232972.ref013]\] and regulate liver metabolism \[[@pone.0232972.ref014]\].

*Cordyceps sinensis*, as a traditional Chinese medicine, has been used for thousands of years in some Asian countries. Some studies revealed that the polysaccharides from *C*. *sinensis* with a high molecular weight have a potential protective function against diet-induced obesity by changing the composition of the gut microbiota \[[@pone.0232972.ref015]\]. However, traditional medicine has a high risk of drug-induced liver injury (DILI), which is characterized by hepatocyte injury in China \[[@pone.0232972.ref016]\]. In addition, some researchers have noted that long-term supplementation with soluble dietary fiber in diet-induced obesity could cause cholestasis, liver inflammation and jaundice liver cancer (HCC) by increasing bacteria that ferment fiber and *Proteobacteria* in the intestine \[[@pone.0232972.ref017]\]. The liver is important lipid metabolism, and the gut microbiota can produce hazardous substances that are transported to the liver by the gut-liver axis, which could lead to low-grade inflammation and even cause NAFLD and nonalcoholic steatohepatitis (NASH) in diet-induced obesity \[[@pone.0232972.ref018]--[@pone.0232972.ref020]\].

These findings suggest that we need to be aware of the liver toxicity caused by traditional Chinese medicines and soluble dietary fiber used as antiobesity therapies. Therefore, the aim of this study was to determine whether *C*. *sinensis* polysaccharide (CSP) supplementation has side effects, such as NASH, on mice with diet-induced obesity. More importantly, we aimed to elucidate the links between changes in gut microbiota and the effects caused by CSP in HFD-fed mice.

2. Materials and methods {#sec002}
========================

2.1 Polysaccharide preparation {#sec003}
------------------------------

Total extract from *C*. *sinensis* was purchased from Xi'an Ruilin Biotech Company. One hundred grams of extract powder was dissolved in 400 mL of distilled water, and protein was removed using the Sevag method 5 times \[[@pone.0232972.ref021]\]. The resulting solution was added to 6 times the volume of 95% ethanol and kept at 4°C for 12 h. After centrifugation at 5000 rpm for 10 min, the precipitate was washed with anhydrous ethanol, dissolved in distilled water, dialyzed with distilled water for 72 h at 4°C and freeze-dehydrated to obtain crude polysaccharides \[[@pone.0232972.ref022]\].

Then, the crude polysaccharides were separated as in a previous study \[[@pone.0232972.ref023]\]. Briefly, the crude polysaccharides were resuspended in distilled water and loaded into a DEAE-52 ion exchange column (Beijing Solarbio Bioscience Co., Ltd., China). Different concentrations of a NaCl-Tris-HCl buffer solution were used to elute ingredients at a flow rate of 1.0 mL/min. Then, 3 mL per tube was collected consecutively, and the concentrations of polysaccharides and proteins were measured by the phenol-sulfuric acid method and a BCA protein assay kit, respectively (Jiangsu KeyGEN Bioscience Co., Ltd., China).

The polysaccharide elution fraction with the highest polysaccharide concentration was loaded onto a Sephadex G-100 gel column (Beijing Solarbio Bioscience Co., Ltd., China) with a flow rate of 2.5 mL/min, and a Tris-HCl buffer solution was eluted at a rate of 2 mL/min.

The elution fraction with the highest polysaccharide concentration was collected, dialyzed against double distilled water for 72 h and freeze-dried for the next experiment. Furthermore, the molecular weight and monosaccharide composition were measured by high-performance gel-permeation chromatography (HPGPC) and high-performance liquid chromatography, respectively.

2.2 Animal experiments {#sec004}
----------------------

Eight-week-old male C57BL/6J mice (20±1 g) were obtained from Dalian Medical University and housed in a specific pathogen-free environment with a 12 h/12 h light/dark cycle at 25±2°C and 50±5% relative humidity. Before starting the experiments, the mice were fed a normal diet for 1 week to acclimate. Three mice were housed in each cage, and the mice were rotated to difference cages multiple times to make the fecal microbiomes homogeneous. After 1 week, the mice were randomly divided into three groups (6 mice per group, 3 mice per cage). One group of mice was fed a normal chow diet (NCD, containing 13.8% kcal from fat, 3.65 kcal/g, Jiangsu Xietong Bioscience Co., Ltd., China) as healthy controls (NCD group), and one group was fed a high-fat diet (HFD, D12451, containing 45% kcal from fat, 4.05 kcal/g) as a model control (HFD group). The other group (HFD+CSP group) was maintained on the HFD and administered 300 mg/kg/d CSP by oral gavage. Body weight was recorded weekly. After 8 weeks of experimental treatment, fresh stool samples were collected in sterilized tubes and immediately frozen at -80°C for microbiota analysis. And the mice were anesthetized by inhaling ether. Blood samples were collected from the orbital plexus and centrifuged at 4°C (1000 × g, 15 min) to obtain the serum. Then, the mice were sacrificed by cervical dislocation. Liver, epididymal fat and colon samples were precisely dissected, weighed and frozen at -80°C.

2.3 Histological examination {#sec005}
----------------------------

Freshly isolated liver and epididymal fat tissues were fixed with 4% paraformaldehyde overnight. Then, the samples were dehydrated, embedded in paraffin and sectioned at 6 μm for hematoxylin and eosin (H&E) staining. Frozen liver sections (8 μm) were stained with Oil red O. All of these samples were photographed by using a light microscope (Tokyo Olympus Corporation, Japan).

2.4 Biochemical analysis {#sec006}
------------------------

The concentrations of total triglyceride (TG), cholesterol (CHO), low density lipoprotein (LDL), high density lipoprotein (HDL) and alanine aminotransferase (ALT) in the serum were detected by using commercial kits (Nanjing Jiancheng Bioengineering Institute, China) based on the manufacturer's instructions. The protein levels of serum insulin, lipopolysaccharide (LPS), MCP-1, TNF-α, and IL-6 were measured by using commercial ELISA kits (Shanghai Langdun Biotechnology Co., Ltd., China).

2.5 Glucose and insulin tolerance analyses {#sec007}
------------------------------------------

On the last day of the seventh week, after the mice were fasted for 12 h, an intraperitoneal glucose tolerance test (IPGTT) was performed by intraperitoneally injecting a dose of d-glucose (1.0 g/kg body weight). At 0, 15, 30, 60, and 120 min, blood samples were collected from the tail vein, and glucose levels were detected by a YUWELL Automatic Blood Glucose Meter (Jiangsu Yuyue Co., Ltd., China). During the last week of the experiment, an insulin tolerance test (ITT) was carried out in mice that were fasted for 6 h. After an intraperitoneal injection with 1 IU/kg body weight human insulin (Novolin R, Denmark), the blood glucose concentrations of the mice were tested at 0, 15, 30, 60, and 120 min.

2.6 Western blot analysis {#sec008}
-------------------------

Total proteins were extracted from colon sample in RIPA buffer supplemented with PMSF. After grinding and centrifugation, the supernatant was evaluated with a BCA protein assay kit, and distilled water was added to keep each sample at the same concentration. Protein samples were separated by a 6% SDS-PAGE gel and transferred onto PVDF transfer membranes. After blocking with 5% nonfat milk for 1 h at room temperature, the membranes were first incubated with primary antibodies against GAPDH (1:2000, Proteintech), Occludin (1:1000, Proteintech) and Zonula occludens-1 (ZO-1, 1:1000, Proteintech) at 4°C for 12 h and then with the secondary antibody for 1 h, as described previously. The intensities of protein bands were quantified with Image-Lab software, and the values were normalized to GAPDH.

2.7 RNA isolation and real-time PCR {#sec009}
-----------------------------------

The total RNA from liver and epididymal fat tissues was extracted by using TRIpure (Beijing, Bioteke Co., Ltd., China), and the cDNA was synthesized by 2×Power Taq PCR MasterMix (Beijing, Bioteke Co., Ltd., China). Then, Real-time PCR was carried out by an Exicycler96 instrument (BIONEER, Korea) with SYBR Green Supermix (Beijing Solarbio Bioscience Co., Ltd., China). Values were normalized to the control, β-actin, by using the 2^−△△CT^ method. All the primer sequences are listed in [S1 Table](#pone.0232972.s001){ref-type="supplementary-material"}.

2.8 Gut microbiota analysis {#sec010}
---------------------------

Fecal bacterial genomic DNA from 18 samples was extracted by an E.Z.N.A. ® Stool DNA Kit (Omega, Inc., USA) according to the manufacturer's instructions. The V3-V4 area of the 16S rRNA gene from different samples was amplified with the primers 338F (`5'-ACTCCTACGGGAGGCAGCAG-3'`) and 806R (`5'-GGACTACH- VGGGTWTCTAAT-3'`). The 5\' ends of the primers were tagged with barcodes specific to each sample and universal sequencing primers. The PCR conditions used to amplify the prokaryotic 16S fragments consisted of an initial denaturation at 98°C for 30 seconds; 35 cycles of denaturation at 98°C for 10 seconds, annealing at 54°C/52°C for 30 seconds, and extension at 72°C for 45 seconds; and a final extension at 72°C for 10 min. After purification, the PCR products were sequenced on an Illumina MiSeq platform, provided by LC-Bio (Hangzhou, China), according to the manufacturer\'s recommendations. Paired-end reads were assigned to samples based on their unique barcode, truncated by removing the barcode and primer sequence and merged using FLASH. The quality filtering of the raw tags was performed under specific filtering conditions to obtain high-quality clean tags according to the fqtrim (V0.94). After filtering the chimeric sequences, the sequences were clustered into the same operational taxonomic units (OTUs) based on a ≥ 97% similarity by Vsearch (v2.3.4). Representative sequences were chosen for each OTU, and taxonomic data were then assigned to each representative sequence using the Ribosomal Database Project (RDP) classifier. The differences among the dominant species in different groups were identified and multiple sequence alignment were performed using MAFFT software (V 7.310) to study the phylogenetic relationships among different OTUs. OTU abundance information was normalized using a standard sequence number corresponding to the sample with the least sequences. The alpha diversity of our samples was calculated with QIIME (Version 1.8.0). Beta diversity was calculated by principal coordinate analysis PCoA and cluster analysis by QIIME software (Version 1.8.0). The biomarker species between groups was identified by linear discriminant analysis (LDA) effect size (LEfSe) analysis.

2.9 Statistical analysis {#sec011}
------------------------

GraphPad Prism version 7.0 (GraphPad Software, USA) was used to evaluate the statistical significance among groups by ANOVA followed by Tukey's multiple comparison tests. Data are presented as the mean ± SEM, and *P*\<0.05 was considered statistically significant.

3. Results {#sec012}
==========

3.1 Structure characterization of CSP {#sec013}
-------------------------------------

As shown in [Fig 1A and 1B](#pone.0232972.g001){ref-type="fig"}, the crude polysaccharides were separated into two fractions, CSP-I and CSP-II, by DEAE-52 chromatography. Then, G-100 chromatography was used to separate the higher fraction CSP-I and to remove proteins and ions. We obtained a single component polysaccharide CSP-I1 and named it CSP. The average molecular weight of CSP was 6.486×10^4^ Da, and the monosaccharide components of CSP are shown in [Table 1](#pone.0232972.t001){ref-type="table"}. Based on the results, glucose was the main monosaccharide constituent of CSP.

![Polysaccharide was separated by Diethylaminoethyl Cellulose-52 (DEAE-52) and Sephadex G-100.\
A) The elution curve of polysaccharide fractions *Cordyceps sinensis* polysaccharide(CSP)- I and CSP-II on DEAE-52; B) The elution curve of polysaccharide fractions CSP-I 1 and CSP-I 2 on Sephadex G-100.](pone.0232972.g001){#pone.0232972.g001}

10.1371/journal.pone.0232972.t001

###### Monosaccharide compositions of CSP.

![](pone.0232972.t001){#pone.0232972.t001g}

  Monosaccharides      Glucose   Galaclose   Mannose   Arabinose   Rhamnose   Glucuronic Acid
  -------------------- --------- ----------- --------- ----------- ---------- -----------------
  Molar ratio of CSP   90262     526         317       264         184        151

3.2 Effects of CSP treatment on body weight, fat mass, liver weight and liver steatosis in HFD-induced obese mice {#sec014}
-----------------------------------------------------------------------------------------------------------------

As shown in [Fig 2A](#pone.0232972.g002){ref-type="fig"}, during the 8-week experiment, the body weight of the HFD group was higher than that of the HFD+CSP group at most time points. Compared with the HFD group (8.94±1.14 g), the HFD+CSP group showed significantly decreased body weight gain (6.45±0.60 g) (*p*\<0.05) ([Fig 2B](#pone.0232972.g002){ref-type="fig"}). After comparing the weight of epididymal fat and the size of adipocytes ([Fig 2C and 2E](#pone.0232972.g002){ref-type="fig"}) in the HFD and HFD+CSP groups, we found that the weight of epididymal fat in the HFD+CSP group was remarkably lower than that in the HFD group (*P*\<0.05), and the cell diameter of adipocytes was also decreased in the HFD+CSP group. However, the liver weight ([Fig 2D](#pone.0232972.g002){ref-type="fig"}) of the HFD+CSP group was significantly higher than that of the HFD group (*p*\<0.05). Liver H&E staining ([Fig 2F](#pone.0232972.g002){ref-type="fig"}) revealed severe fibrosis, steatohepatitis changes and increased infiltration of inflammatory cells around the central vein of hepatocytes in the mice in the HFD+CSP group compared with the HFD group.

![The effects of CSP on body weight, epididymal fat and liver.\
A) Time curve of body weight; B) Total body weight gain; C) Epididymal fat; D) Liver weight. Values are presented as mean±SE(n = 6). Differences were assessed by ANOVA and denoted as follows: \**P*\<0.05; \*\**P* \< .01 compared with NCD, *\#P* \< .05; *\#\#P* \< .01 compared with HFD, E and F) H&E of epididymal adipose tissue and liver tissue respectively.](pone.0232972.g002){#pone.0232972.g002}

3.3 Effects of CSP on serum lipid and CHO levels, liver fat accumulation and liver function {#sec015}
-------------------------------------------------------------------------------------------

After supplementation with CSP for 8 weeks, it was found that even though there was no significant difference in HDL-C ([Fig 3A](#pone.0232972.g003){ref-type="fig"}) between the HFD and HFD+CSP groups, the levels of LDL-C and CHO ([Fig 3B and 3C](#pone.0232972.g003){ref-type="fig"}) were notably decreased in the CSP-treated mice compared to the HFD-fed mice (*p*\<0.01, *p*\<0.01). Surprisingly, the TG concentration ([Fig 3D](#pone.0232972.g003){ref-type="fig"}) was remarkably increased in the HFD+CSP group compared with the HFD group (*p*\<0.01). Next, we detected the expression of *FAS* and *SREBP-1c* genes, which control the de novo synthesis of endogenous fatty acids. As shown in [Fig 3E](#pone.0232972.g003){ref-type="fig"}, the expression levels of *SREBP-1c* and *FAS* in the HFD and HFD+CSP groups were both lower than those in the NCD group. The mRNA level of *SREBP-1c* in CSP-treated mice was significantly lower than that in HFD-fed mice. *PPARy* can inhibit the activation of hepatic stellate cells (HSCs), which are abnormally activated in NASH. We found that the mRNA levels of *PPARy* ([Fig 3E](#pone.0232972.g003){ref-type="fig"}) in the liver were dramatically decreased in the HFD+CSP group compared to the HFD group (*P*\<0.01). In addition, the level of serum ALT ([Fig 3F](#pone.0232972.g003){ref-type="fig"}), which can represent liver function, was dramatically increased in the HFD+CSP group compared with the HFD group (*P*\<0.001). From the Oil red O staining of the liver ([Fig 3G](#pone.0232972.g003){ref-type="fig"}), we found that the fat accumulation in the liver was higher in the HFD+CSP group than in the HFD group.

![Effects of CSP on the serum lipids, expression of related genes and hepatic steatosis.\
A-D); Blood concentrations of CHO, HDL-C, LDL-C and TG respectively; E) Relative expression of *FAS*, *SREBP-1c* and *PPARy;* F) Blood concentration of ALT; G) Oil Red O staining of liver tissue sections. Differences were assessed by ANOVE and denoted as follows: \**P*\<0.05;\*\**P*\<0.01;\*\*\**P*\<0.001 compared with NCD, *\#P*\<0.05; *\#\#P*\<0.01 compared with HFD.](pone.0232972.g003){#pone.0232972.g003}

3.4 The effects of CSP on glucose tolerance and insulin resistance {#sec016}
------------------------------------------------------------------

As shown in [Fig 4A and 4B](#pone.0232972.g004){ref-type="fig"}, the levels of serum fasting glucose and insulin in CSP-treated mice were remarkably higher than those in HFD-fed mice (*P*\<0.05). In addition, the ITT and IPGTT results ([Fig 4C and 4E](#pone.0232972.g004){ref-type="fig"}) showed that CSP could decrease insulin sensitivity. Furthermore, the calculated area under the curve (AUC) of the ITT and IPGTT ([Fig 4D and 4F](#pone.0232972.g004){ref-type="fig"}) in the HFD+CSP group was significantly larger than that in the HFD group (*P*\<0.05), which could support the hypothesis that CSP can increase IR in HFD-induced obesity.

![Effects of CSP on the development of insulin resistance in HFD-fed mice A) Fasting blood glucose; B) Fasting blood insulin; C) Insulin tolerance test(ITT); D) Area under the curve(AUC) For ITT; E) Intraperitoneal glucose tolerance(IPGTT); F) AUC for IPGTT. Differences were assessed by ANOVA and denoted as follows: \**P*\<0.05; \*\**P*\<0.01 compared with NCD, *\#P*\<0.05 compared with HFD.](pone.0232972.g004){#pone.0232972.g004}

3.5 CSP increases inflammation in HFD-fed mice {#sec017}
----------------------------------------------

Next, we investigated the level of LPS in different groups, which is known to play an important role in inflammation. Compared with the HFD group, CSP increased the concentration of serum LPS in HFD-fed obese mice (*p*\<0.05) ([Fig 5A](#pone.0232972.g005){ref-type="fig"}). Then, we examined the inflammatory cytokine levels. As shown in [Fig 5B, 5C and 5D](#pone.0232972.g005){ref-type="fig"}, compared with the HFD group, the HFD+CSP group had dramatically increased serum TNF-α, IL-6 and MCP-1 levels (*p*\<0.05). Moreover, in CSP-treated mice, the concentration of MCP-1, which is regarded as an indicator of NASH, was twice that in HFD-fed mice.

![Effects of CSP on systemic inflammation in HFD-fed mice.\
A-D) Serum levels of LPS, IL-6 TNF-𝛂 and MCP-1 respectively. Difference were assessed by ANOVA and denoted as follows: \**P\<*0.05; \*\**P\<*0.01 compared with NCD, *\#P\<*0.05 compared with HFD.](pone.0232972.g005){#pone.0232972.g005}

3.6 The effects of CSP on the protection of the gut intestinal barrier in HFD-fed mice {#sec018}
--------------------------------------------------------------------------------------

We further measured the mRNA levels of *ZO-1* and *occludin*, which are considered to be important biomarkers in physical intestinal barrier function. As shown in [Fig 6A](#pone.0232972.g006){ref-type="fig"}, compared with HFD alone, CSP treatment notably elevated the mRNA concentration of *occludin* (*P*\<0.01) and increased the mRNA level of *ZO-1*. In addition, the effects on the protein expression of *ZO-1* and *occludin* ([Fig 6B](#pone.0232972.g006){ref-type="fig"}) were consistent with the effects on the mRNA expression.

![Effects of CSP on the relative expression of occludin and ZO-1.\
A) Relative expression of occludin and ZO-1 mRNA; B) Western blot analysis of occludin and ZO-1 proteins against GAPHD. Differences were assessed by ANOVA and denoted as follows: \**P\<*0.05; \*\*\**P\<*0.001 compared with NCD, *\#\#P*\<0.05 compared with HFD.](pone.0232972.g006){#pone.0232972.g006}

3.7 CSP alters the gut microbiota composition in HFD-induced mice {#sec019}
-----------------------------------------------------------------

To investigate the effects of CSP on gut microbiota composition, we sequenced the V3+V4 region of 16S rDNA genes in stool samples with Illumina MiSeq sequencing. A total of 364539 raw sequences were detected in 18 samples, and based on a 97% similarity level, all reads were clustered into OTUs. As shown in [Fig 7A and 7B](#pone.0232972.g007){ref-type="fig"}, Venn diagram analysis was performed to understand the richness in different groups, and the number of OTUs in the HFD-CSP group was significantly decreased compared with that in the HFD group (*p*\<0.05). Next, we found that supplementation with CSP remarkably decreased the α-diversity of the HFD group compared with that of the HFD group according to the Chao1 index and Shannon index ([Fig 7C and 7D](#pone.0232972.g007){ref-type="fig"}; *p*\<0.01 and *p*\<0.05, respectively). At the phylum level, compared with HFD alone, CSP treatment not only decreased the relative abundance of *Bacteroidetes* but also increased the richness of *Proteobacteria* and *Actinobacteria* ([Fig 7E](#pone.0232972.g007){ref-type="fig"}). The changes at the genus level are shown in [Fig 7F](#pone.0232972.g007){ref-type="fig"}. In addition, the effects of CSP on the intestinal microbiota structure were revealed by an unweighted UniFrac cluster tree ([Fig 7G](#pone.0232972.g007){ref-type="fig"}), which was based on UPGMA. Furthermore, the structure of the gut microbiota among groups was also detected by using principal component analysis (PCA) and UniFrac distance-based PCoA. As shown in [Fig 7H and 7I](#pone.0232972.g007){ref-type="fig"}, these three groups presented significantly distinct microbiota profiles.

![Effects of CSP on the gut microbiota structure.\
A) Venn diagram; B) OTU numbers; C) Chao1 index; D) Shannon index; E and F) Bacterial profile at phylum and genus level respectively. Values are presented as mean±SEM. (n = 6). Differences were assessed by ANOVA and denoted as follows: \**P\<*0.05; \*\**P\<*0.01; \*\*\**P*\<0.001 compared with NCD, *\#P*\<0.05; *\#P*\<0.01 compared with HFD. G) Unweighted UPGMA of all samples.;H) Plots of PCA; I) Plots of Weighted Unifrac-based PCoA.](pone.0232972.g007){#pone.0232972.g007}

The specific changes in microbial composition in the three groups at various taxonomic levels are shown in [Fig 8A, 8B, and 8C](#pone.0232972.g008){ref-type="fig"}. We found that CSP dramatically decreased the relative abundance of *Bacteroidetes* but increased *Actinobacteria* and *Acidobacteria* at the phylum level in HFD-fed mice (*p*\<0.01, *p*\<0.05, *p*\<0.05, respectively). To further investigate the differences between the HFD group and the HFD+CSP group, we compared the gut microbiota of these two groups at the genus level. As shown in [Fig 8B and 8C](#pone.0232972.g008){ref-type="fig"}, CSP treatment generated remarkable changes at the genus levels (5 genera were decreased, and 4 genera were increased).

![The effects of CSP on the gut microbiota composition and LEfSe analysis results.\
A) The relative abundance of gut microbiota at phylum level; B and C) The relative abundance of gut microbiota at genus level. Differences were assessed by ANOVA and denoted as follows: \**P\<*0.05; \*\**P\<*0.01 compared with NCD, *\#P*\<0.05; *\#\#P*\<0.01 compared with HFD. D and E) Cladogram showing the phylogenetic relationships of bacteria taxa and LDA scores between the HFD and the HFD+CSP group.](pone.0232972.g008){#pone.0232972.g008}

Finally, the LEfSe method was used to identify high-dimensional biomarkers of the intestinal microbiota in the HFD and HFD+CSP groups. A comparison of the HFD+CSP group and the HFD group demonstrated that 21 phylotypes were increased, and 19 phylotypes were decreased ([Fig 8E](#pone.0232972.g008){ref-type="fig"}). As shown in [Fig 8D](#pone.0232972.g008){ref-type="fig"}, microbiota in the *Bacteroidetes* phylum, *Bacteroidia* class, *Bacteroidales* order, *Bacteroidaceae* family, *Rikenellaceae* family and *Porphyromonadaceae* family were enriched in the HFD-fed mice. However, the abundance of the *Actinobacteria* phylum, *Actinobacteria* class, *Coriobacteriales* order and *Coriobacteriaceae* family as well as the *Acidobacteria* phylum, *Acidobacteria_GP6* class, *GP6* order and *GP6* family were increased following CSP supplementation. The above results are also shown in the bar graph ([Fig 8E](#pone.0232972.g008){ref-type="fig"}).

4. Discussion {#sec020}
=============

Although a large number of studies have reported that polysaccharides obtained from plants, fungi or animals, as a source of dietary fiber, have potential antiobesity functions by modulating the gut microbiota \[[@pone.0232972.ref024]--[@pone.0232972.ref027]\], the side effects of the soluble dietary polysaccharide extracted from *C*. *sinensis*, which is a traditional Chinese medicine, have not yet been reported. In this study, we purified polysaccharides from *C*. *sinensis* extract power and evaluated the monosaccharide composition and the molecular weight of the main polysaccharide. We found that the average molecular weight was 6.486×10^4^ Da and that it was mainly composed of glucose.

Dietary supplementation with CSP for 8 weeks significantly inhibited the increase in body weight gain in HFD-fed mice. In addition, it was also observed that the accumulation of epididymal fat and the cell diameter of adipocytes in mice in the HFD+CSP group were lower than those in mice in the HFD group ([Fig 2C and 2E](#pone.0232972.g002){ref-type="fig"}). These findings illustrate that CSP exerts clear protective effects on diet-induced obese mice, but the reason is still unknown. Next, we were surprised to find that the liver of CSP-treated mice was remarkably larger than that of HFD-induced mice ([Fig 2D](#pone.0232972.g002){ref-type="fig"}). An abnormal increase in liver weight is often accompanied by a change in liver structure and impairment of liver function \[[@pone.0232972.ref028]--[@pone.0232972.ref030]\], and NASH is the most common liver-related disease in diet-induced obesity \[[@pone.0232972.ref031]\]. Histopathological analysis and Oil red O staining of the liver in the CSP treatment group showed severe fibrosis, steatosis and inflammatory cell infiltration, which are characteristics of NASH \[[@pone.0232972.ref032], [@pone.0232972.ref033]\], but slight steatosis was observed in HFD-fed mice (Figs [2F](#pone.0232972.g002){ref-type="fig"} and [3G](#pone.0232972.g003){ref-type="fig"}).

As the liver controls blood lipid metabolism, we detected related indicators and found that the levels of CHO and LDL-C were decreased in the HFD+CSP group compared with the HFD group, and these CHO-related indices were consistent with some studies on the effect of prebiotics on antiobesity and related diseases \[[@pone.0232972.ref034], [@pone.0232972.ref035]\]. As a result of long-term HFD intake, LDL receptor activity was inhibited in the liver, so the concentrations of LDL-C in the HFD+CSP group and HFD group were both higher than those in the NCD group ([Fig 3A and 3C](#pone.0232972.g003){ref-type="fig"}). However, there were no significant differences in the level of serum HDL-C, which indicates a difference in reverse cholesterol transport (RCT) between the HFD+CSP group and the HFD group ([Fig 3B](#pone.0232972.g003){ref-type="fig"}). These results suggested that CSP has a potential antiobesity effect by inhibiting endogenous CHO without changing the capacity of RCT. Surprisingly, we found that the TG concentration of CSP-treated mice was notably higher than that of HFD-fed mice ([Fig 3D](#pone.0232972.g003){ref-type="fig"}). Accumulating evidence has shown that an abnormally high level of TG is characteristic of NASH \[[@pone.0232972.ref036], [@pone.0232972.ref037]\]. Furthermore, we checked the expression of genes related to the de novo synthesis of endogenous fatty acids, including Srebp-1c and FAS \[[@pone.0232972.ref038]--[@pone.0232972.ref040]\]. Although it had been reported that the expression of Srebp1-c and FAS were increased in HFD-fed mice \[[@pone.0232972.ref002], [@pone.0232972.ref041]\], some studies showed the opposite result \[[@pone.0232972.ref042], [@pone.0232972.ref043]\]. Our results were consistent with the later findings. The mRNA levels of both genes were decreased in CSP-treated mice compared to HFD-fed mice ([Fig 3E](#pone.0232972.g003){ref-type="fig"}). The consumption of a HFD will increase the levels of acyl-coenzyme A (acyl-CoA, the activated form of fatty acids), which is an allosteric inhibitor in the cells, and the high concentration of acyl-CoA will inhibit the activity of acetyl CoA carboxylase (ACC), a rate-limiting enzyme that catalyzes the first step of the fatty acid synthesis pathway that produces malonyl-CoA. Palmitic acid biosynthesis is controlled by the *SREBP-1c* and *FAS* genes. The low expression of *SREBP-1c* and *FAS* in the HFD+CSP group may suggest that the concentration of fatty acids in the hepatocytes of CSP-treated mice was high.

In addition, we found that compared with HFD alone, CSP treatment downregulated *PPARγ* in the liver ([Fig 3E](#pone.0232972.g003){ref-type="fig"}). Previous studies have shown that *PPARγ* can inhibit activation of HSCs and is present at a low level in the liver in NASH \[[@pone.0232972.ref044]--[@pone.0232972.ref046]\]. The above results suggest that CSP supplementation may contribute to the progression from obesity to NASH. To verify our hypothesis, we tested serum ALT and found that the concentration of ALT was significantly increased in CSP-treated mice compared with HFD-fed mice ([Fig 3F](#pone.0232972.g003){ref-type="fig"}). The ALT level was used to identify steatohepatitis and to predict NASH or moderate to severe advanced fibrosis in previous studies \[[@pone.0232972.ref047], [@pone.0232972.ref048]\]. The abnormal increase in ALT levels in the HFD+CSP group showed that CSP treatment induced severe NASH in HFD-fed mice. In addition, we observed that the concentrations of serum fasting glucose and insulin and the AUC for the ITT and IPGTT were increased in CSP-treated mice compared to HFD-fed mice ([Fig 4A--4F](#pone.0232972.g004){ref-type="fig"}). These findings suggest that CSP treatment increases the degree of IR in HFD-fed mice. IR often occurs in type 2 diabetes with weight loss. The slow increase in body weight in CSP-treated mice may suggest that CSP not only leads to NASH but also increases the risk of type 2 diabetes. In addition, IR-induced TG aggregation in hepatocytes is considered to be an important cause of NASH \[[@pone.0232972.ref049]\]. IR can increase the decomposition of peripheral fat and the release of free fatty acids (FFAs) in the blood. For this reason, the weight of epididymal fat and the cell diameter of adipocytes were decreased in CSP-treated mice. An increase in fatty acid intake by hepatocytes can lead to increased cytotoxicity via mitochondrial swelling, hepatocyte permeability, hepatocyte degeneration, necrosis and aggravated neutrophil infiltration \[[@pone.0232972.ref049]\].

Several reports also suggested that low-grade inflammation is a cause of IR in HFD-fed mice \[[@pone.0232972.ref050], [@pone.0232972.ref051]\]. In our study, serum biomarkers of inflammation were significantly increased in CSP-treated mice compared to HFD-fed mice ([Fig 5B--5D](#pone.0232972.g005){ref-type="fig"}). In particular, MCP-1, which is released from hepatocytes and activated HSCs, can promote the progression of NASH \[[@pone.0232972.ref052]\]. In addition, the increase in serum LPS, which is known to be mainly produced by gram-negative bacteria, suggested dysfunctional gut barrier function \[[@pone.0232972.ref053], [@pone.0232972.ref054]\]. Although many studies have shown a negative correlation between serum LPS levels and colonic intestinal barrier function \[[@pone.0232972.ref055], [@pone.0232972.ref056]\], our results revealed that CSP can reverse the reduction in colonic physical barrier markers caused by HFD. This is a controversial discovery. The increase in serum LPS content in the HFD+CSP group may be due to the transfer of harmful bacteria from the colon to the small intestine, resulting in the excessive proliferation of physical barrier cells in the small intestine and the absorption of LPS and chylomicrons (CMs) by the small intestinal epithelial cells \[[@pone.0232972.ref057], [@pone.0232972.ref058]\]. In addition to the intestinal physical barrier, the intestinal tract also includes an immune barrier, a chemical barrier and a biological barrier, which are associated with the composition of microorganisms in the intestinal tract \[[@pone.0232972.ref059], [@pone.0232972.ref060]\]. Damage to the biological barrier in the colon can also cause a bacterial product shift. Nevertheless, a previous study also suggested that intestinal barrier dysfunction can promote NASH; only a small proportion of patients have intestinal permeability and increased bacterial product shift \[[@pone.0232972.ref061]\]. This result indicates that CSP contributes to the progression of NASH in HFD-fed mice, which may be due to the excessive production of metabolites in CSP-treated mice that can easily diffuse across colonic barriers.

Numerous studies have suggested that dietary fiber can improve the intestinal barrier and inhibit inflammation via short-chain fatty acids (SCFAs) digested by gut microbiota and that the intake of dietary fiber can prevent some diseases and contribute to health \[[@pone.0232972.ref062]--[@pone.0232972.ref064]\]. Processed foods from purified fiber can have terrible consequences in some cases. For example, researchers found that mice fed inulin-enriched food developed marked colitis when exposed to DSS \[[@pone.0232972.ref065]\]. These findings suggest that purified dietary fiber may have similar side effects on intestinal flora regulation. Additionally, changes in the gut microbiota may contribute to the progression of NASH. Therefore, we evaluated the intestinal microbiota through 16S sequencing and found that the relative abundance of *Bacteroidetes* phylum was remarkably decreased in the HFD+CSP group compared to the HFD group ([Fig 8A](#pone.0232972.g008){ref-type="fig"}). *Bacteroidetes* are generally regarded as the main decomposers of dietary fiber and are also negatively correlated with NASH \[[@pone.0232972.ref066], [@pone.0232972.ref067]\]. In addition, CSP increased the proportion of the *Actinobacteria* phylum, which was mainly caused by increasing the level of *Olsenella* bacteria. As in a previous study, the microbiota of piglets in a dietary fiber group contained increased *Actinomycetes* bacteria, which promoted fiber degradation and butyric acid production \[[@pone.0232972.ref068]\]. This means that CSP can be degraded by *Actinobacteria* bacteria, resulting in butyric acid production. *Actinobacteria* was notably increased in NAFLD patients, and the degree of fatty liver and abnormal liver function were negatively correlated with the abundance of the *Actinobacteria* phylum and *Proteobacteria* phylum \[[@pone.0232972.ref067], [@pone.0232972.ref069]\]. Therefore, the increase in the relative abundance of the *Actinobacteria* phylum induced by CSP administration may contribute to the progression from the mild NAFLD induced by HFD to NASH. Zheng et al. also reported that the *Actinomycetes* phylum was increased in early HCC patients \[[@pone.0232972.ref070]\]. Moreover, the abundance of the *Acidobacteria* phylum was increased in the HFD+CSP group compared to the HFD group ([Fig 8A](#pone.0232972.g008){ref-type="fig"}). You et al. noted augmentation of the *Acidobacteria* phylum in severe fatty liver hepatitis mice induced by HFD and antibiotics \[[@pone.0232972.ref071]\].

At the genus level, the CSP-treated mice showed a significant decrease in the *Barnesiella* genus ([Fig 8B](#pone.0232972.g008){ref-type="fig"}), which has anti-inflammatory properties, produces SCFAs and is positively associated with abnormal lipid metabolism \[[@pone.0232972.ref072]\]. Additionally, a reduction in the *Prevotellaceae* genus and the *Lachnospiraceae incertae sedis* genus ([Fig 8B and 8C](#pone.0232972.g008){ref-type="fig"}), which were also found to be significantly reduced in maternal HFD-induced changes in 3-week-old offspring mice, was also observed. These bacteria have the ability to ferment carbohydrates and produce SCFAs, and the abundance of these genera was negatively correlated with obesity, diabetes, cardiovascular disease and metabolic syndrome \[[@pone.0232972.ref073]--[@pone.0232972.ref075]\]. The level of *Lachnospiraceae incertae sedis* was also significantly reduced in colorectal cancer rats compared with normal rats \[[@pone.0232972.ref075]\]. Surprisingly, *Holdemania*, a potentially harmful bacteria \[[@pone.0232972.ref076]\], was observed at a low level in the CSP-treated mice ([Fig 8C](#pone.0232972.g008){ref-type="fig"}). We found that the relative abundance of *Christensenella* was increased by nearly threefold due to the administration of CSP. Mie et al. found that *Christensenella* was associated with high fasting blood glucose concentrations \[[@pone.0232972.ref077]\]. The proportion of the *Clostridium_XVIII* genus, which mainly contains pathogenic species, was notably increased in CSP-treated mice compared to HFD-fed mice ([Fig 8C](#pone.0232972.g008){ref-type="fig"}) and was positively correlated with serum and hepatic lipid profiles \[[@pone.0232972.ref078]\]. Furthermore, CSP consumption increased the *Olsenella* genus ([Fig 8C](#pone.0232972.g008){ref-type="fig"}). In at study on the effect of pectin on NAFLD prevention in mice, improvements in NAFLD were associated with a decrease in *Olsenella*, which can form acetic acid and propionic acid \[[@pone.0232972.ref079]\]. It was also found that bacteria in the *Pseudomonas* genus, which can produce LPS, was also enriched in the HFD+CSP group ([Fig 8C](#pone.0232972.g008){ref-type="fig"}). Choi et al. suggested that an increase in *Pseudomonas panacis* (phylum, *Proteobacteria*) can disrupt the insulin signaling pathway in adipose tissue by the production of bacteria-derived extracellular vesicles (EVs) \[[@pone.0232972.ref080]\]. A seminal study also revealed the remarkable correlation of 3-(4 hydroxyphenyl) lactate, which is a gut microbiota metabolite, with liver fibrosis \[[@pone.0232972.ref081]\]. Treatment with phenylacetic acid, a novel microbial metabolite, led to TG accumulation in primary human hepatocytes and increased TG content in the liver in mice \[[@pone.0232972.ref082]\]. These findings also suggest that CSP contributes to the progression of NASH in HFD-fed mice and that the mechanism may involve some microbial metabolites produced by bacteria with high abundance in CSP-treated mice.

5. Conclusion {#sec021}
=============

CSP treatment reduced body weight and epididymal fat in HFD-fed mice but had side effects on the liver. Furthermore, supplementation with CSP increased the levels of inflammation, serum TG, blood glucose, insulin, and ALT and the degree of liver fat accumulation, fibrosis, hepatic steatosis and steatohepatitis. CSP was mainly degraded by *Actinobacteria*, and the high abundance of *Actinobacteria* aggravated the disorder of the intestinal flora and contributed to the progression from obesity to NASH and related diseases. However, the changes in intestinal flora and corresponding metabolites require further investigation. Overall, these findings provide new insights suggesting that purified fibers, especially fermentable fibers from traditional Chinese medicine or others, should be used cautiously as approaches to improve metabolic diseases as these molecules alter the gut microbiota.
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Dear Dr. Zhong,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

There were a small number of minor mostly editorial suggested made by both reviewers that should be considered.

We would appreciate receiving your revised manuscript by Apr 26 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Jonathan M Peterson, Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

A small number of minor revisions to the test are requested by both reviewers.

Journal Requirements:

When submitting your revision, we need you to address these additional requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. We note that you are reporting an analysis of a microarray, next-generation sequencing, or deep sequencing data set. PLOS requires that authors comply with field-specific standards for preparation, recording, and deposition of data in repositories appropriate to their field. Please upload these data to a stable, public repository (such as ArrayExpress, Gene Expression Omnibus (GEO), DNA Data Bank of Japan (DDBJ), NCBI GenBank, NCBI Sequence Read Archive, or EMBL Nucleotide Sequence Database (ENA)). In your revised cover letter, please provide the relevant accession numbers that may be used to access these data. For a full list of recommended repositories, see <http://journals.plos.org/plosone/s/data-availability#loc-omics> or <http://journals.plos.org/plosone/s/data-availability#loc-sequencing>.

3\. PLOS ONE now requires that authors provide the original uncropped and unadjusted images underlying all blot or gel results reported in a submission's figures or Supporting Information files. This policy and the journal's other requirements for blot/gel reporting and figure preparation are described in detail at <https://journals.plos.org/plosone/s/figures#loc-blot-and-gel-reporting-requirements> and <https://journals.plos.org/plosone/s/figures#loc-preparing-figures-from-image-files>. When you submit your revised manuscript, please ensure that your figures adhere fully to these guidelines and provide the original underlying images for all blot or gel data reported in your submission. See the following link for instructions on providing the original image data: <https://journals.plos.org/plosone/s/figures#loc-original-images-for-blots-and-gels>.

In your cover letter, please note whether your blot/gel image data are in Supporting Information or posted at a public data repository, provide the repository URL if relevant, and provide specific details as to which raw blot/gel images, if any, are not available. Email us at <plosone@plos.org> if you have any questions.

4\. PLOS requires an ORCID iD for the corresponding author in Editorial Manager on papers submitted after December 6th, 2016. Please ensure that you have an ORCID iD and that it is validated in Editorial Manager. To do this, go to 'Update my Information' (in the upper left-hand corner of the main menu), and click on the Fetch/Validate link next to the ORCID field. This will take you to the ORCID site and allow you to create a new iD or authenticate a pre-existing iD in Editorial Manager. Please see the following video for instructions on linking an ORCID iD to your Editorial Manager account: <https://www.youtube.com/watch?v=_xcclfuvtxQ>

5\. Your ethics statement must appear in the Methods section of your manuscript. If your ethics statement is written in any section besides the Methods, please move it to the Methods section and delete it from any other section. Please also ensure that your ethics statement is included in your manuscript, as the ethics section of your online submission will not be published alongside your manuscript.

6\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: 1. Can be edited to be briefer

2\. Did the two groups of mice have comparable or identical caloric intake of the chow?

3\. Perhaps some more background in the introduction about why this was chosen to be studied in particular? Is it the most common ingredient in Chinese herbal products?

Reviewer \#2: Given the limited effectiveness of available non-invasive treatments for obesity, there is a need to develop new therapeutic strategies. The authors of this study assessed the anti-obesity potential of polysaccharides isolated from Cordyceps Sinensis in the animal model (C57BL/6J mice on a high-fat diet). Surprisingly, they found that despite the favorable influence on body mass, adipose tissue amount, and morphology, these polysaccharides had a detrimental effect on the liver leading to NASH.

The authors attempted to explain the pathomechanism responsible for the observed phenomenon. Therefore, they investigated the intestinal barrier function and the composition of intestinal microflora in animals exposed to the tested compounds. They found that treatment with the polysaccharides isolated from Cordyceps Sinensis leads to adverse changes in the composition of the intestinal microflora and increased intestinal barrier permeability, which may be responsible for the development of the liver damage.

The presented work is an example of a complex approach to the research task, and both the research hypothesis and the findings are innovative. The study objectives are clearly defined, and the methodology is appropriately selected to implement that planned research tasks. With this in mind, I found the present paper valuable, and I have only some minor remarks/suggestions that are summarized in the attachment.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Vinod Kumar Rustgi

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Part 1(Reviewer \#1)

Dear Reviewer:

Thank you for your comments concerning our manuscript entitled "Polysaccharides isolated from Cordyceps Sinensis contribute to the progression of NASH by modifying the gut microbiota in mice fed a high fat diet" (ID: PONE-D-19-33795). Those comments are all valuable and very helpful for revising and improving our paper, as well as the important guiding significance to our researches. We have studied comments carefully and have made Response to your comments. We hope meet with approval.

1\. The reviewer's comment: Can be edited to be briefer.

Response: Thank you for your advice. We considered this comment carefully. Every part of the current manuscript is very important and simplified. If it is shorted, the quality of the article cannot be guaranteed. If you think there are any places that can be modified, please point out and we can make the appropriate edits.

2\. The reviewer's comment: Did the two groups of mice have comparable or identical caloric intake of the chow?

Response: Yes, the two groups of mice have identical caloric intake of the chow. We compared the mice caloric intake of the chow between HFD and HFD+CSP group in 8 weeks, and there is no significant difference between these two groups though ANOVA analysis.

3\. The reviewer's comment: Perhaps some more background in the introduction about why this was chosen to be studied in particular? Is it the most common ingredient in Chinese herbal products?

Response: Thank you for your comment. Cordyceps Sinensis is a kind of expensive Chinese medicine with a very high status in Chinese medicine history. With the advancement of artificial cultivation technology, Cordyceps Sinensis is made into different types of health products or medicines and is marketed with a very large user group. However, manufacturers\' sales often will mislead buyers to ignore it was complex ingredients. Besides, there have been reports stating that Chinese medicine and soluble fiber have different degrees of side effects. CSP, as a soluble fiber extracted from traditional Chinese medicine, it is of great value for research. So we support more background to emphasize the importance of why it was chosen to be studied particular.

The Chinese traditional medicine classification includes animals, plants, fungi and others. The CSP was mainly derived from the cell wall of cells, so it is only the most important component in fungal and plant Chinese herbal products. However, polysaccharides extracted from different kinds of Chinese medicines are different.

Special thanks to you for your good comments. We appreciate for your warm work earnestly, and hope that the response will meet with approval.

Once again, thank you very much for your comments and suggestions.

Sincerely yours,

Mintao Zhong.

Part 2(Reviewer \#2)

Dear Reviewer:

Thank you for your comments concerning our manuscript entitled "Polysaccharides isolated from Cordyceps Sinensis contribute to the progression of NASH by modifying the gut microbiota in mice fed a high fat diet" (ID: PONE-D-19-33795). Those comments are all valuable and very helpful for revising and improving our paper, as well as the important guiding significance to our researches. We have studied comments carefully and have made correction which we hope meet with approval. Revised portion are marked in red in the paper. The corrections in the paper and the responds to your comments are as flowing:

1\. The reviewer's comment: General remark: please define the abbreviations occurring in the figures in the figures legends.

Response: Thank you for pointing this. In this revised manuscript, we have defined the abbreviation occurring in the figures in the figures legends. Including Fig 1(CSP-I, CSP-II, CSP-I1, CSP-I2, DEAE-52), Fig 2(H&E), Fig 3(CHO, HDL-C, LDL-C, TG, FAS, Srebp1-c, PPARy), Fig 5(LPS, TNF-α, IL-6, MCP-1), Fig 6(ZO-1), Fig 7(OUT, UPGMA, PCA, PCoA),Fig 8 (LEfSe, LDA).

2\. The reviewer's comment: Introduction: 3rd paragraph, line 12: "The liver is important lipid metabolism," -- the preposition is missing in this sentence.

Response: Thank you for pointing that. We have added "in human body" in this sentence.

3\. The reviewer's comment: Figure 2, panel E the quality of the photos could be improved.

Response: We have improved the clarity and brightness in Figure 2, panel E.

4\. The reviewer's comment: Figure 3 legend, please change ANOVE into ANOVA

Response: We are very sorry for our incorrect writing. We have replaced "ANOVE" with "ANOVA" in the revised manuscript.

5\. The reviewer's comment: Discussion - 1st paragraph, line 7 -- shouldn't the \"extract power" be replaced by \"extract powder"?

Response: We have replaced \"extract power" by \"extract powder" in the revised manuscript.

6\. The reviewer's comment: Discussion-3rd paragraph, lines 6-7: \"As a result of long-term HFD intake, LDL receptor activity was inhibited in the liver" -- please provide a proper reference

Response: A proper reference has been added into the revised manuscript.

7\. The reviewer's comment: Discussion-3rd paragraph lines 25-32: \"The consumption of a HFD will increase the levels of acyl-coenzyme A (acyl-CoA, the activated form of fatty acids), which is an allosteric inhibitor in the cells, and the high concentration of acyl-CoA will inhibit the activity of acetyl CoA carboxylase (ACC), a rate-limiting enzyme that catalyzes the first step of the fatty acid synthesis pathway that produces malonyl-CoA. Palmitic acid biosynthesis is controlled by the SREBP-1c and FAS genes" -- please provide proper references

Response: We have inserted three essential references to explain the lipid metabolism in liver and related genes in the revised manuscript.

8\. The reviewer's comment: Discussion - 4th paragraph lines 17-18: \"IR often occurs in type 2 diabetes with weight loss." -please provide a proper reference;

Response: We have provided a proper reference for the lines in the revised manuscript.

9\. The reviewer's comment: Discussion - 8th paragraph, line 8 -- please explain the abbreviation DSS;

Response: Thank you for your advice. We have added "Dextran Sulfate Sodium" to explain the abbreviation DSS in the revised manuscript.

10\. The reviewer's comment: Discussion - 8th paragraph, lines 8-9: \"These findings suggest that purified dietary fiber may have similar side effects on intestinal flora regulation" -- please precise the meaning

Response: We have added "which means that when the intestinal homeostasis was destroyed, instead of protecting, purified dietary fiber will aggravate the degree of damage, such as inflammation caused by exposure to DSS." to previse this sentence.

11\. The reviewer' comment: Discussion - 9th paragraph, line 24 -- \"In at study on the effect..." -- please replace \"at\" with \"a\".

Response: We have replaced "at" with "a" in the revised manuscript.

Special thanks to you for your good comments. We appreciate for your warm work earnestly, and hope that the correction will meet with approval.

Once again, thank you very much for your comments and suggestions.

Sincerely yours,

Mintao Zhong.
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Dear Dr. Zhong,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Jonathan M Peterson, Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

All request revisions were completed and reviewer comments were addressed accordingly.

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: The authors have significantly improved the manuscript and clarified my doubts. Therefore, I find the paper suitable for publication in a present form.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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